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DIAGNOSTIC SYSTEM FOR DETECTING OTOLARYNGOLOGIC PATHOGENS 
AND PATHOGENS EN OTHER ARENAS 

INTRODUCTION: 

Current methods of diagnosing bacterial, viral, and fungal infections of the ear, nose, throat, and 
upper respiratory tract rely on clinical findings or culture samples processed through a clinical 
laboratory. These methods are suboptimal because they introduce a delay between the point of 
care and the exact diagnosis of the patient's ailment. Subsequently, there is an increase in the cost 
of care, overuse of antibiotics leading to worsening resistance patterns, and potentially dangers 
of missing new, dangerous respiratory infections. 

In addition to detecting disease causing pathogens, these devices could also be used in the 
diagnoses of certain disease states that do not result from infection. The detection of certain 
markers indicative of physical abnormalities that manifest themselves as a disease state (ie. acid 
reflux disease, genetic abnormalities) is also possible and a likely extension of this technology. 

The present invention is meant to broaden the capabilities for point-of-care infection detection, 
allowing for the rapid diagnosis of many common bacterial, viral, and fungal infections. 

The present invention also extends the scope of use of the method of reflective interferometry, 
disclosed previously. Many of the concepts described herein will likely also be applicable to 
other sensor platforms (porous silicon, etc.). 

DESCRIPTION OF THE INVENTION: 

The present invention consists of the combination of a probe chip (itself consisting of a probe 
molecule or series of molecules attached to an appropriately prepared reflective surface via a 
covalent or non-covalent attachment), a reader device, and the use of this combined system in the 
diagnosis of ENT (ear-nose-throat) related infections. ENT infections include, but are not limited 
to, middle ear infections, laryngeal infections, sinusitis, and throat infections. The specific 
organisms we intend to target and identify with our ENT suite of chips include, but are not 
limited to common anaerobes, Haemophilus influenzae, Streptococcus pneumonia, Moraxella 
catarrhalis, a and p Hemolytic Streptococcus, Pseudomonas aeruginosa , Staphylococcus 
aureus, viruses like parainfluenzae, influenzae, and rhinovirus, and any host of fungi and 
parasites contributing to diseases of the ear nose and throat. 

These devices are not limited to ENT related diseases and have potential applications in many 
other areas. We envision extending this technology to include "organ specific" disease 
detection, which would consist of a chip designed for a specific disease state, and not explicitly a 
single organism. A few examples of these include, but are not limited to: Respiratory chips that 
detect pneumonia, bronchitis, and other pulmonary ailments from any host of viral, fungal, and 
bacterial pathogens. Gastrointestinal (GI) chips that can detect the presence of organisms causing 
diseases like ulcers, gastroenteritis, and small and large bowel infections from any host of 
bacterial, fungal, viral, and parasitic organisms. Wound chips that detect the presence if 
infections in wounds, including infections from implanted medical devices. Blood chips (sepsis 
chips) that detect the presence of bacteria, viruses, fungi, and parasites in blood. Neurologically 
focused chips that can be used to detect the presence of bacteria, viruses, and fungi in 
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cerebrospinal fluid. Genitourinary chips that focus on a wide range of infections from urinary 
tract infections to sexually transmitted disease. General surveillance chips implanted in devices 
like respirators or used in health institutions to carry forth inspection of organisms common to 
nosocomial infections. 

The following examples detail some of the specific molecular targets we intend to detect in order 
to diagnose the given disease state. 



EXAMPLES: 

Example 1. Chip functionalized with DNA probe sequences for detecting rRNA in bacteria, 
viruses, fungi, and parasites. The target sequences are not necessarily limited to rRNA. 

a. The arraying of multiple probes on a single chip for point of care detection. These 
probes can be for organ-specific disease combinations (like a chip for all sinus 
infections), combining probes for bacteria, viruses, or fungi. They can also be for 
disease specific combinations (URI viral chip, bacterial pharyngitis chip, fungal otitis 
chip), etc. 

b. The placement of single probes on chips for rapid point of care detection. An example 
would be a new rapid streptococcus point of care chip. 

c. Attached is a manuscript for research outlining this technique as well as a 
presentation summarizing its use. 



Example two: Antibody-functionalized chip for detection of bacteria, viruses, fungi, or 
any host of allergic diseases. These antibodies would be raised towards specific protein, peptide, 
or small molecule targets, unique to the organism or disease of interest like allergic rhinitis. 
Patient serum or secretions can be placed on these chips. The diagnosis would be generated using 
these antibody mobilized chips. 

Example three: DNA or antibody chips used for rapid molecular detection of cellular 
morphology. These biomarker chips allow for rapid detection of cellular features, as in 
determining prognostic factors for cancer behavior. Examples of such biomarkers include, but 
are not limited to p53, Bcl-2, Cyclin Dl, c-myc, p21ras, c-erb B2, and CK-19. 

Example four: Hyaluronic acid disaccharide chip. Polysaccharide functionalized chip for 
the detection of Streptococcus pneumoniae hyaluronate lyase. Simple chip that identifies the 
presence of the most common etiologic agent responsible for AOM (acute otitis media) and for 
invasive bacterial infections in children of all age groups. 

Example five: Pepsin activity detection chip. Protein or peptide functionalized chip that 
indicates the presence of pepsin through the inherent enzymatic activity and in turn identifies 
possible acid reflux disease (GERD). This is enabled through the use of proteins or peptides that 
are the normal substrates of pepsin enzymatic activity 
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Example six: A chip designed to rapidly detect molecules like B-2 transferrin that are 
sensitive to the diagnosis of cerebrospinal fluid leaks. These chips may use any range of protein 
detection techniques to detect the presence of this molecule in patient sinus or ear specimens. 

Example 7: Lipopolysaccharide A (LPS) detection chip. Immobilize molecules on the 
surface of the chip that are sensitive and specific for the molecule LPS, the causative agent 
behind most cases of sepsis. 

Method of use: The chips would be stored in the physician's office, hospital, or operating room 
suite, wherever point of care detection is most convenient for the physician or other health care 
practitioner. These chips can also be used by clinical laboratories to make more accurate, more 
rapid detection. 

For infectious diseases, there are three usual methods for sample collection in the 
diseased organ system. First, upon suspicion of an infectious disease etiology, the infection site 
can be swabbed as per usual protocol for obtaining cultures for microbiological processing. The 
practitioner may or may not see clinical evidence of the infection. Given the chip sensitivity, an 
area can be swabbed if the practitioner has the mere suspicion of infection. Second, for other 
diseases like sinusitis or urinary tract infections, the patient may produce a sample (sputum, 
urine, etc) that can be collected for chip evaluation. Third, for diseases like sepsis or meningitis, 
appropriate serum or CSF can be collected by a licensed practitioner and placed on the chip. 

For other categories of diagnostic detection not related to infectious etiologies, similar 
techniques will be employed to obtain a patient sample and place it on the chip for 
functionalization and detection. 

Once the sample is collected, it will be placed on the appropriate chip for diagnosis. As 
noted above, the chip may be designed per disease organ, per infectious etiology, as a single 
organisms detection tool, or for any roup of relevant molecules necessitating detection. Once the 
sample is placed on the chip, it will be processed potentially through a series of simple washes. 
We anticipate that with continued technology development, multiple washes will not be needed. 
The chip will then be scanned in the examination setting. This detection device will use a laser to 
first scan the surface of the chip. On multiple probe chips, there will be a recorded map of the 
probes such that specific target binding can be assessed. The laser will reflect onto a photodiode, 
and a computer processor will determine positive binding based on previous set algorithms. 

The scanned chip data will translate into a simple report of infectious etiology for the 
physician/health practitioner to evaluate. This data can then be used to determine treatment 
options for the patient. 

One alternative technique for this device will be a delayed evaluation after the swabbed sample 
is incubated for several hours and then wiped onto the chip. This will still allow for point of care 
detection, or it may be an alternative to current clinical laboratory organism evaluation 
techniques. 
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Example of Biosensor Design Strategy for Pseudomonas Aeruginosa in 
Otolaryngology 

Problem Addressed: The ability to detect bacterial and viral infections at the point of care would 
significantly impact Otolaryngology practice, improving diagnostic accuracy and reducing 
unnecessary antibiotic use. In this study, we set forth a design for a Pseudomonas Aeruginosa 
Biosensor. 

Methods and Measures: Silicon wafers carrying a 150 r|m layer of thermal oxide were 
derivatized so as to provide an immobilized layer of streptavidin. Biotinylated DNA sequences 
complementary to Pseudomnonas-specific rDNA were attached to the streptavidin surface. 
Complementary synthetic DNA sequences were hybridized to the probes to verify probe 
immobilization and speicifity. Treatment of analogously functionalized chips with Pseudomonas 
strain PAO-1 cultures was used to test the suitability of the technique for detection of this 
bacterium. Surface analysis was conducted using reflective interferometry to detect surface 
thickness changes consistent with target hybridization to probe. 

Results: We successfully detected complementary DNA sequence binding to the biosensor 
surface using reflective interferometry. The Pseudomonas probes bound both centrifuged and 
freshly cultured stocks of Pseudomonas in LB media. The probes did not bind similarly 
prepared stocks of E. coli. Serial dilution experiments indicated a photo-detection capability of 
125-160 organisms per 5 \x\ spot 

Conclusions: Biosensors represent a new frontier in Otolaryngology, with the potential to 
significantly expand diagnostic capabilities at the point of care. We used one specific biosensor 
design and demonstrated its utility in detecting Pseudomonas aeruginosa from pure cultured 
stocks using reflective interferometry, a simple, label- free detection method. 

Clinical Significance of Study: This study demonstrates the ability to use silicon oxide coated 
chips and relefective interferometery to detect bacteria in vitro, setting the stage for future 
development and clinical use in otolaryngology. 

Introduction 

Point of care diagnosis of infectious organisms would dramatically change treatment 
paradigms in otolaryngologic disease. For example, the prevalent spread of bacterial antibiotic 
resistance could be slowed if better diagnostic capabilities existed at the point of care. 1 
Additionally, such testing capabilities could reduce the cost of care, better enabling the 
correlation of symptoms and clinical findings to the presence of infectious organisms. Such 
point of care technologies are widespread in modern medical care, from blood glucose 
measurements to rapid Group A Streptococcus testing. Acceptability of basic rapid testing as 
well as its many benefits has prompted research to find wider uses for this technology in 
otolaryngology. 
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Bacterial and viral species identification using comparative analysis of rDNA sequences 
is a well established method of bacterial identification. 11 Recent advances in targeting ribosomal 
nucleic acid sequences (rRNA) with DNA (rDNA) probes represents an attractive technique for 
rapid detection without sequence amplification, given the abundance of such ribosomes in 
bacteria. 111 ,v Using sequence databases, bacteria specific sequences have been identified, with 
sequences for Pseudomonas proving reasonably sensitive for detection/ Pseudomonas 
aeruginosa represents an excellent organism for early biosensor development in otolaryngology 
not only because of its pathogenicity in ear infections like otitis externa, but also because of its 
presence in normal ears. VI Detection research must be geared towards providing accurate 
counts of such organisms in the clinical setting. 

As part of a program targeting the development of simple, label-free sensors for rapid 
clinical and home diagnostic use, we recently developed reflective interferometry as a new 
platform technology. This technique, a close relative of ellipsometry, allows detection of a very 
small change in the coating thickness of a reflective surface (such as silicon)when new molecules 
bind the surface. Using polarized light, this thickness change can be seen with changes in 
reflected incident light intensity/ 11 By modifying the surface of the silicon chip with probe 
molecules, such as DNA, antibodies, or even small molecules/" 1 for a target pathogen, specific 
detection of that pathogen is possible. 

The ability of this technique to bind DNA and its complementary sequences has been 
demonstrated. The goal of this study was to test the utility of reflective interferometery for the 
detection of Pseudomonas aeruginosa samples. Chips were prepared using known DNA 
sequences specific for Pseudomonas ribosomal RNA (rRNA). Furthermore, the sensitivity of the 
technique, as well as its specificity, was evaluated. The eventual goal of this research is to take 
such chips into the clinical arena and perform point of care diagnostic testing specific for 
otolaryngology. 

Materials and Methods 



Surface Chemistry 

Silicon oxide wafers 6" diameter bearing a layer of 150 rjm thick thermal oxide were 
obtained and sent to a commercial vender (Xerox Corporation, Rochester NY) for thermal oxide 
coating. These wafers were cut into 2.5 x 2.5 cm square chips. Care was taken to avoid 
scratching or otherwise marring the chip surface during all processing steps. All reagents (with 
the exception of DNA sequences, vide infra) were purchased from Sigma- Aldrich (St. Louis, 
Missouri) The chips were soaked in piranha etch solution (9 ml 3% H2O2 in 21 ml of 96% 
H2SO4) for 30 minutes. The chips were rinsed with ddHbO and dried under a stream of nitrogen 
gas. The chips were then silanized with a 5% 3-aminopropyltrieethoxysilane solution 5 % in 
acetone (96% reagent grade) for 1.5 hours. The chips were rinsed with ddH 2 0 and dried under a 
stream of nitrogen gas. After baking the silanized chips at 100 degrees C for 1 hour, they were 
then treated with a solution of 2.5 % Glutaraldehyde in 50 mM PBS (pH 7.4) for 45 minutes. 
The chips were rinsed with ddt^O and dried under a stream of nitrogen gas. Each resulting 
glutaraldehyde-functionalized chip was then coated with 500 ^1 of streptavidin (0.05 mg/ml in 
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PBS pH 7-7.5) for 45 minutes. The chips were rinsed with ddH 2 0 and dried under a stream of 
nitrogen gas. At this point, the chips were ready for the immobilization of the biotinylated DNA 
probes. 

Probes 

The well-studied streptavidin-biotin interaction* was utilized to bind the DNA probes to 
the chip surface. Two biotinylated probes for Pseudomonas were purchased from a commercial 
supplier (Invitrogen Life Technologies, Carlsbad, California), and used throughout this study: 

Probe 1 S'-Biotin-CCT-TGC-GCT-ATC-AGA-TGA-GCC-TAG-GT-i ' x 
Probe 2 5'-Biotin-CTG-AAT-CCA-GGA-GCA-3' xi 

The biotinylated DNA probes were brought up to a concentration of .05 micromole/ml in PBS 
(pH 7.5). 5 jal of this solution was pipetted on the chips at each desired spot, and allowed to 
stand in a high-humidity chamber for 45 minutes. Chips were then rinsed with 50 mM PBS, 
followed by dd H 2 0. The chips were now ready for treatment with either solutions of synthetic, 
complementary DNA, or with bacteria. Figure 1 gives a basic schematic of the chip 
functionalization process. . 




Figure 1: Schematic diagram for the chemical coating of the biosensor. 
Probe Testing 

Single stranded DNA sequences to Probe 1 and Probe 2 were purchased from a 
commercial supplier (Invitrogen Life Technologies, Carlsbad, California), and diluted to a 
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concentration of 0.05 micromole/ml in PBS. Each prepared chip's shape was traced onto graph 
paper, to mark the position placement of the probe and the subsequent complementary target 
sequence. The chips were prepared such that four spots were placed on the chip, with two 
having just placement of Probe 1 and two with only Probe 2. Once the Probes had been placed, 
the chips were washed with dd H 2 0 and dried under a stream of nitrogen gas. The chips were 
then immediately assessed for probe binding to the chip. 



Bacterial Processing Technique and Counts 

Standard microbiology handling techniques were used to plate colonies and bring up 
culture solutions in LB media. The PAO-1 strain of Pseudomonas aeruginosa and the JM109 
strain of E. Coli were obtained from the Department of Microbiology at Strong Memorial 
Hospital. Several colonies were swabbed from the culture plate into approximately 7-10 cc of 
LB media and cultured for 12 hours prior to experimentation. In the first set of experiments, 500 
\i\ of cultured media was centrifuged at 12,000 x G for 10 minutes. The pelleted cells were 
resuspended in 1 ml of 50 mM PBS (pH 7-7.5). In the first set of bacterial experiments, this 
solution was diluted 1:5 in PBS. For the second set of experiments, the bacteria were taken 
directly out of the liquid LB media after culture for chip experimentation. In the final serial 
dilution experiment, overnight cultures were taken and diluted in 0.9% NaCl in sequential 1/10 
dilutions. Each dilution was then plated on LB agar plates in sets of 3, and the plates with 30- 
300 colonies were counted, with averages being obtained for the set dilution. Standard solution 
counts based on these dilutions were obtained using standard microbiology protocols for this 
procedure 5 " 1 . 

Chip Bacterial Coating 

Each chip was placed on grid paper, and the coordinates of the probes were marked. For 
each experiment, 5 \i\ of the bacterial preparation was placed on the coordinates of the probe and 
hybridized for 45 minutes at room temperature, followed by either a dd H 2 0 wash or a PBS wash 
and then nitrogen gas drying. To prevent spot drying, hybridization occurred in closed petri 
dishes with water soaked cotton balls to maintain moisture. 

In the first set of bacteria experiments, the concentrated Pseudomonas and E. coli in 1 : 1 
and 1 :5 dilutions of PBS were spotted onto the Pseudomonas probes. The E. coli served as the 
control bacteria for each set of experiments. In the second set of experiments, 5 of fresh 
bacteria was taken from the LB media, and spotted on the Pseudomonas probes. Again, E. coli 
served as the control organism. LB media alone was also used as a control. In the last set of 
experiments, dilutions of Pseudomonas and E. coli in 0.9% NaCl were placed on the chips. 
These same dilutions were plated onto LB agarose plates for the counts. These chips were 
optically scanned to determine the detection limit for spot detection. 
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Reflective Interferometrv 

All chips were processed by a single investigator in an established optics laboratory at the 
University of Rochester. The probe light for detection is derived from a 450 Watt Xe lamp 
monochromatized to approximately 1 nm bandwidth using a spectrometer. The light is guided 
through two apertures approximately 5 mm in diameter and separated by 60 mm to enforce 
collimation to better than .5 degrees. The beam is incident on the chip surface at 70.6 degrees, 
which is the reflectivity minimum. The light is brought through several polarizers. The reflected 
light is observed onto a Princeton Instruments (Monmouth, NJ) CCD camera without imaging 
optics (Figure 2). The theory, technique and algorithm for obtaining a computerized surface 
map of this chip will be described in detail elsewhere/" 1 In short, the peak intensity of the spots 
were compared to the background. The intensity of the peaks in the computer processed image 
are relative to the background intensities of non-spotted parts of the chip, and software 
automatically re-scales all the data for each chip. In this paper, the three dimensional X,Y,Z 
contour images and the one dimensional, X, Y axis side-view of the three dimensional picture 
are shown for purposes of clarity. 



i — optimal angle 




Figure 2 Schematic for the reflective interferometery laboratory set-up. The i (optimal value) is 
70.6 degrees. The camera records the light and a computer algorithm produces an image 
comparing spots to background. 

Results 

Probe Binding Chip Experiments 

Probes 1 and 2 for Pseudomonas were optically evaluated to assess their binding to the 
chip surface. The peak intensities were evaluated to assess visualization of this probe on the 
chip surface. Figure 3 and Figure 4 demonstrates the ability of the optical detection to see our 
selected probes on the chip surface. 
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Figure 3 - Optical scanning of Probe 1 (right) The X axis represents a relative scale for distance 
along the chip surface, while the Y axis represents relative peak intensity. The peaks show 
distinct binding of the probes to the chip surface. 



14 



12 



10 





300 



Figure 4 - Optical scanning of Probe 2 (right) The X axis represents a relative scale for distance 
along the chip surface, while the Y axis represents relative peak intensity. The peaks show 
distinct binding of the probes to the chip surface 
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Experiment L Concentrated Bacteria 

Following treatment with concentrated solutions of bacteria, the spots were immediately 
visible with the naked eye, without optical scanning (Figure 3). This "naked-eye" detection is 
likely due to light scattering off the surface of the chip. After optically scanning the chips, large 
peaks were noted for both the 1:1 and the 1:5 dilutions of the concentrated Pseudomonas 
organisms after both the dd H2O and PBS rinse, while the E coli spots did not demonstrate 
comparable intensity peaks over background. The PBS rinse provides an obvious visual display 
of a "darker" spot, and this is reflected in the optical peak intensities. As described above, the 
current scanning technique and visualization algorithm makes a comparative display of the 
darkest spot on the chip to the background, and displays the relative intensities for that specific 
chip. One also sees some salt streaking on the PBS rinsed chips after they are dried. The streak 
intensities were well below the spot intensities for these chips. 



Buffer wash Water wask 




Figure 5 Four probe spots were placed on each chip: one chip for Probe 1 and one for Probe 2 
Concentrated bacteria was resuspended in 1ml (1:1) or 5 ml (1:5) PBS. The Probe 2 chip was 
rinsed with PBS, while the Probe 1 chip with dd H2O. Sufficient bacteria remained on the probe 
1 chip to allow naked-eye detection of bacteria following PBS rinse. 
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Figure 6 Scanned surface over E. coli section of Probe 1 chip, which was rinsed with dd H 2 0 
after hybridization. The X and Z axes are relative distances on the chip surface, while the Y axis 
represents the intensities. The small peaks likely represent attached probe on the surface and 
some salt residue. 
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Figure 7 

Scanned surface over Pseudomonas section of Probe 1 chip, which was rinsed with dd H 2 0 after 
hybridization. The X and Z axes are relative distances on the chip surface, while the Y axis 
represents the relative intensities. The large peak on the left demonstrates 1:1 concentrated 
solution and the right peak shows a 1 :5 diluted solution of the bacterial pellet in PBS. . The peak 
on the right may be part of the other spot, but is more likely an artifact due to dust on the surface 
of the chip. 



Experiment 2, Fresh Bacteria 

Four spots were placed on each chip, the top two with Probe 1 for Pseudomonas and the 
bottom 2 with Probe 2 for Pseudomonas. On each pair of two spots, fresh LB and fresh LB with 
cultured bacteria were placed on the probes. No recognizable peaks were noted for the control 
LB media alone. There were distinct peaks for the Pseudomonas in LB, and there were no peaks 
noted for E. coli in LB. The results for Probe 1 and Probe 2 were similar. All chips in this 
experiment were rinsed with PBS after hybridization to the probe. 




Figure 8 Scanned surface of two spots for Probe 1 chip. The left side had fresh LB placed on 
Probe 1, while the right side had E. coli in fresh LB placed for hybridization. The peak intensities 
of E. coli are minimally different than the LB control. Again, The X and Z axes are relative 
distances on the chip surface, while the Y axis represents the intensities. 
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Figure 9 Scanned surface of two spots for Probe 2 chip. The left side had fresh LB placed on 
Probe 2, while the right side had Pseudomonas in fresh LB placed for hybridization. The peak 
intensities for this were very significant. Again, the X and Z axes are relative distances on the 
chip surface, while the Y axis represents the intensities. Similar results occurred for this 
experiment using Probe 1. 



Experiment 3, Bacterial Counts 



The bacteria were diluted in 0.9% NaCl and spotted from this solution. These same 
dilutions were plated in sets of three, with hand counted colony averages of 30-300 being used 
for final counts. In the first set of bacterial counts, 2.49 x 10 7 Colony Forming Units (CFU) of 
Pseudomonas were in each ml of solution. The dilution at which the peaks were no longer 
visible was 1/100,000 (Image 9), yielding a maximum optical detection of 24,900 CFU/ml of 
solution. The cut-off dilution was the same for chips using both Probe 1 and Probe 2. Since 
each spot consisted of only 5 ul of solution, the limit of detection was 125 CFU/spot detection. 
Repetition of this experiment was completed with limits of 160 CFU/ 5 |il spot being detected. 
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Probe2Chip Probe 1 Chip 

1/100,000 1/1 e6 
1/100,000 1/1e6 dilution dilution 

dilution dilution I 




Figure 10 Two dimensional optical images of scanned chips for Probe 2 (left) and Probe 1 
(right). The cut off dilutions of 1/100,000 is evident, as peeks are noted for this dilution and do 
not exist for the 1/lxlO 6 dilution. Again, the X axis represents relative distance on the chip, and 
the Y axis represents peek intensity. 



Discussion 

Point of care testing has many clinical advantages for physicians and patients. Besides 
convenience, the ability to better diagnose disease at the point of care improves overall quality 
and helps reduce costs. While there are relatively few available tests, there is excellent data that 
such testing positively impacts care. X1V In the field of otolaryngologic infectious disease, there is 
active interest in furthering point of care infectious testing. Examples include research in 
evaluating new rapid Group A Streptococcus tests xv as well as advances in development of the 
electronic nose. XV1 Our group embarked on this study to advance new point of care technologies, 
and focus their use in future diagnosis of otolaryngologic infections. 

Molecular detection and genotyping of pathogens is providing more rapid and accurate 
basis for laboratory detection. XV11 Using small DNA probes targeting rRNA sequences potentially 
allows organism detection without sequence amplification, given the vast amounts of rRNA in 
cells. With highly sensitive and selective probes, complementary rRNA sequences should be 
available in dividing bacterial cultures with short generation times in proper media, like 
Pseudomonas aeruginosa. Given the established sensitivity of our chosen probes, we 
hypothesized that the bacterial rRNA could be easily targeted without active steps to isolate or 
amplify these sequences. 

The ability to bind DNA sequences to silicon oxide chips and perform rapid 
hybridizations on this surface represents a good basis for faster detection technologies. In 
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accordance with the selected sensor device, this form of reflective interferometery using a white 
light source (Xe lamp) allows for a detailed view of the chip surface, especially when detecting 
small molecules or small concentrations of bacteria. 

The ability to detect organisms fresh out of cultured media represents a big step in 
reducing specimen processing steps. The media did not impact chip processing. Furthermore, 
the ability to dilute these organisms from the media allowed for the count experiments. The 
ability to get distinct "cut-off' peak intensities from these serial dilutions provides us with an 
excellent tool for comparing future variations in chip manufacturing, their long-term storage, 
various rinses, and new optical detection techniques. It also allows us to perform competition 
experiments with new probes and their target bacteria. 
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In accordance with one aspect of the present invention, nucleic acid molecules are used as probes 
in accordance with a particular sensor device. The nucleic acid molecules can be identified from 
genomic databases for the particular organism (pathogens) to be identified. It is preferred to 
utilize DNA molecules that are highly selective; that is, the DNA molecule will hybridize to only 
the target nucleic acid molecule of a single pathogen. Thus, the probe and target nucleic acid 
molecule should represent unique complementary sequences. The target sequence and, thus, the 
probe sequence can be identified by screening genomic databases of an organism. 

Exemplary pathogens whose nucleic acid molecules can be detected in accordance with the 
present invention include, without limitation, Haemophilus influenzae, Streptococcus 
pneumonia, Moraxella catarrhalis, a and p hemolytic Streptococcus, Pseudomonas aeruginosa, 
parainfluenzae viruses, influenzae viruses, rhinoviruses, as well as fungi and parasites that are 
known to cause ear-nose-throat infections. 

Pathogen target nucleic acid molecules can be DNA or RNA (i.e., rRNA or mRNA). A preferred 
target nucleic acid molecule is rRNA. rRNA target nucleic acids can be identified from existing 
or later-modified electronic databases, such as (1) the European ribosomal RNA database, which 
compiles all complete or nearly complete SSU (small subunit) and LSU (large subunit) 
ribosomal RNA sequences; and (2) the Ribosomal Database Project (operated at Michigan State 
University); and (3) the 5S rRNA Database (Szymanski et al., Nucleic Acids Research 
28( 1 ): 1 66- 1 67 (2000), which is hereby incorporated by reference in its entirety). 

The probe nucleic acid molecule, whether DNA or RNA, can be bound to the sensor device in 
accordance with known procedures. These are described, for example, in the following patent 
applications describing particular types of sensors: 

nanoscrystal based sensors of the type disclosed in U.S. Patent Application Serial 
No. 10/171,136 to Miller et al., filed June 13, 2002, which is hereby incorporated 
by reference in its entirety; 

interferometric sensors of the type disclosed in U.S. Patent Application Serial No. 
10/082,634 to Chan et al., filed February 21, 2002, which is hereby incorporated 
by reference in its entirety; 

reflective interferometric sensors of the type disclosed in U.S. Patent Application 
Serial No. 10/282,274 to Miller et al., filed October 28, 2002, which is hereby 
incorporated by reference in its entirety; and 

nucleic acid hairpin fluorescent sensors of the type disclosed in U.S. Provisional 
Patent Application Serial No. 60/437,780 to Miller et al., filed January 2, 2003, 
which is hereby incorporated by reference in its entirety. 

Sensors of the above-identified applications can be readily modified to incorporate nucleic acid 
probes of the present invention that are substantially complementary to particular nucleic acid 
targets. Detection of the hybridized target is described in the above-identified applications. 
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As used in the following claims, "biological sample" can refer to a biological sample obtained 
directly from a patient, whether in the form of a swab culture sample or a body fluid, or a 
biological sample that is cultured for a period of time, i.e., in a culture medium. 

Hybridization, as between any target nucleic acid in the biological sample and the one or more 
nucleic acid probes bound to the sensor device substrate, can be achieved in any suitable 
hybridization medium. The stringency of the hybridization conditions can be modified in 
accordance with known procedures. Typically, however, the hybridization will be under 
stringent conditions so as to minimize the likelihood of non-specific binding between the non- 
target nucleic acid molecules in the biological sample and the one or more probes. Stringency of 
hybridization can be increased by increasing the temperature at which hybridization and/or wash 
occurs, as well as by minimizing the salt content of the hybridization medium or the wash 
medium. Typically, the wash conditions are at about the same or greater stringency than the 
hybridization conditions. Details concerning hybridization protocols are known in the art and 
described in Sambrook et al., Molecular Cloning: A Laboratory Manual, 2d ed., Cold Spring 
Harbor Laboratory (1989). 

Although a preferred application of the present invention concerns the method of detecting the 
presence of an otolaryngologic pathogen in a biological sample, as well as sensor devices 
capable of use in performing such a method, as noted elsewhere in the present application, the 
present invention also relates to other applications. These include, among others, methods of 
detecting the presence of the otolaryngologic pathogen Streptococcus pneumoniae via 
hyaluronate lyase activity on substrate-bound hyaluronic acid disaccharide; detection of bacteria, 
viruses, fungi, or any host of allergic diseases via substrate-bound antibodies specific for the 
bacteria, virus, fungus, or allergen; detection of cellular morphology using substrate-bound DNA 
or antibody directed to, e.g., p53, Bcl-2, Cyclin Dl, c-myc, p21ras, c-erb B2, or CK-19; 
detection of acid reflux disease via substrate-bound polypeptides that are substrates for pepsin; 
and detection of B-2 transferrin or other molecules that are sensitive to the diagnosis of 
cerebrospinal fluid leaks. 



R714227.1 



C 

■ 

"co 

CD 
CD 

o 



o 

CL 



w 

CD 
O) 
TO 

C 
CD 
> 

< 
* 



c 




o 




"co 




CO 




E 




CO 




c 


CD 


CD 


CO 


h- 




c 


o 


o 


O 


o 


■ HIM 








c 




< 


CD 


CD 


O 


O 






"D 


TD 


0) 


CD 


DC 





CD 
i_ 

03 
O 

« 5 

o 
O 

o 

D 
"D 

CD 

a: 



CD 
CO 

co CO 

CD "O 

CO X 

co O 

.25 I — 

! ® 

o -a 
> 

< 

to 

CD 



o 
E 

c 

CD 

"co 



a) 
o 
E 

CD 
Q) 

a) 

$ 
o 



CD 

a: 

< 1 




"D 

"q_ 

CD 

0£ C 



CD 

CO 
< 



1 f 



3ZZ3 



XZ3 



^3 




-Z3- 




1 

I 



o o 

3 B 




o o 

u 



s b 



< 

0 



w 

CO 

a* 



o 
o 





Is 



I 



55 55 
u u 



a 

i 

a 
<: 

H 
i 

u 
u 
a 

i 

< 
a 

H 
i 

< ... 

i oo 

u ^ 



H 

U 

o 

6 
a 

H 

I 

H 

O 

o 



ON 



O 
O 



.3 



o 



v£5 

LT) 

< 

u 
u 



00 



O 



< 



P "3 

S I 
•2 * 



56 



a 

I 



CO 



I 



0 

Q. 
X 
LU 



CD 
T3 

• MM 

o 
o 



o 

CD 



CD 
CO 
CD 
-Q 



O 



O 
CD 

CD 

Q 



C/D 

CD 
CD 
C 
03 

6 



< E 



c 

OsJ 



04 



1 



o 



d 

CO 
CO 



CO 
N 

03 
Z5 
(0 

> 



o 

03 
03 

Q 
* 



2 



8 



«3 




(D 

£ 
0 

Q. 

X 

LU 

"CD 

o 

CD 

CO 



.2 



lid 



XI 

o 
- 

ft- 



CO 
CO 
Q_ 



0 

CD 



CD 



0 



o I 

.S2 CD 



0 



or 



CD — 

CD 0 
. Q_ 

+- 0 

§ 2 
E £ 

"5= Q 
0 O 
CL C 
X O 

LU O 
* 



I 



o 
o 

-a 



go 

• i— i 

cd 

• i-H 

CD 
^— » 
O 

cd 



O 



Oh 

• iH 

o 

CO 

O 

•i-H 

+-> 
o 



GO 
GO 

<D 

GO 

* 



i? 



1 1 

u v» 



^ < <fi « 



^ VJ ^ w 
: H - *» W. 4. 

1111 

\ % * 



• V V \ 

■J 



r i I 
^ <e <S 



V 

4 



1 



v - ■»■- . < . f - -v ;*« 



< r 

... 



• rH 

> 



GO 
GO 

a 
o 

o 

» 

<D 





-> 


o 


6 














m 
'O 

T • 


6 












r*- 


■o 


6 


3 












1— » 
1 

o 


e 



* V v i & 



nit m 



5t 



ill 



ik 111 



1 



4tf 




1 



9 



o 

+-> 

> 

• i-H 

o 

CD 



a 

> 
O 

PH 



43 



«S 

co 
<D 
O 

o 

co 

a> 

CO 



• rH 

> 
O 



O 
GO 

CO 

• i— i 

CO 

< 

• rH 

> 

8 



a 

• r- 1 
+-> 

CO 

• i— I 
CO 

Oh 
43 

u 

a 

• rH 

<D 

tJ 
O 
43 
GO 

* 



GO 

CO 
GO 
h— I 

Oh 

•rH 



CO 

CD 

CD 
N 

S 

• lH 

• rH 

a 

^— » 

CO 

O 



O 

CO 

CD 

CO 

•a 



CO 

• rH 

O 

<D 

<& 



CD 
<D 



4^ 

N 

• rH 

G 

cd 



CO 

3 



CD 
-t— > 

a 
o 

CO 
Oh 

• rH 

43 

o 
o 

+-> 

CO 

O 
+-> 

CO 

>^ 

CD 

a 
a 

• rH 



Ph 00 pti 



CO 

Oh 

• rH 

43 
O 

5=1 

o 

CO 

<d 
o 

Oh 

•H— > 
O 

Oh 

CO 



CO 



S3 

4— > 

CD 

a 

• rH 

a 

• rH 



1 



GO 
CI, 

o 
o 

GO 

<D 

o 

Ph 

OX) 



GO 

s 

O 

o 



o 

GO 






O 

o 

o 

Ph 



I 

» 

o 



O 

co 

t-l 



Q 



GO 

I 

a 

w 

o 



U 



CO 
i— H 

P. 



CO 

cd 



o 

CO 

.& 

o 

a 
+-> 

CO 

H 



-39- 



What is claimed: 

1 . A method of detecting the presence of an otolaryngologic pathogen in a biological 
sample: 

providing a sensor device comprising (i) a substrate to which has been bound one 
or more nucleic acid probes, and (ii) means for detecting the binding of a target nucleic acid to 
the one or more nucleic acid probes, the target nucleic acid being specific to an otolaryngologic 
pathogen; 

exposing a biological sample, or a portion thereof, to the sensor device under 
conditions effective to allow hybridization between the one or more nucleic acid probes and the 
target nucleic acid to occur; and 

detecting, with said means for detecting, whether any target nucleic acid molecule 
hybridizes to the one or more nucleic acid probes, wherein hybridization indicates the presence 
of the otolaryngologic pathogen in the biological sample. 

2. The method according to claim 1 wherein the otolaryngologic pathogen is selected from 
the group consisting of Haemophilus influenzae, Streptococcus pneumonia, Moraxella 
catarrhalis, a and P hemolytic Streptococcus, Pseudomonas aeruginosa, parainfluenzae viruses, 
influenzae viruses, rhinoviruses, fungi, and parasites. 

3. The method according to claim 1 wherein the target nucleic acid is an RNA molecule. 

4. The method according to claim 1 wherein the target nucleic acid is an rRNA molecule. 

5. A sensor device comprising: 

a substrate to which has been bound one or more nucleic acid probes, and 
means for detecting the binding of a target nucleic acid to the one or more nucleic 
acid probes, the target nucleic acid being specific to an otolaryngologic pathogen selected 
from the group consisting of Haemophilus influenzae, Streptococcus pneumonia, 
Moraxella catarrhalis, a and P hemolytic Streptococcus, Pseudomonas aeruginosa, 
parainfluenzae viruses, influenzae viruses, rhinoviruses, fungi, and parasites. 

6. The sensor device according to claim 5 wherein the target nucleic acid is an RNA 
molecule. 

7. The sensor device according to claim 5 wherein the target nucleic acid is an rRNA 
molecule. 
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